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Abstract
Background: About one fourth of patients with hip fracture have cognitive impairment. These patients are at higher
risk of surgical and medical complications and are often excluded from participating in clinical research. The aim of the
present study was to investigate orthopaedic surgeons’ ability to determine the cognitive status of patients with acute
hip fracture and to compare the treatment given to patients with and without cognitive impairment.
Methods: The cognitive function of 1474 hip fracture patients reported by the orthopaedic surgeons to the nationwide
Norwegian Hip Fracture Register was compared with data registered in quality databases in two hospitals with
orthogeriatric service on the same patients. Cognitive function registered in the quality databases was determined either
by the short form of the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) or by pre-fracture
diagnosis of dementia. The information registered in the quality databases was defined as the reference standard.
Cognitive function in the Norwegian Hip Fracture Register was reported as: Chronic cognitive impairment? “Yes”,
“Uncertain” or “No” by the orthopaedic surgeons. Sensitivity, specificity, negative and positive predictive values for chronic
cognitive impairment reported to the Norwegian Hip Fracture Register by the orthopaedic surgeons was calculated.
Baseline data and treatment of hip fractures in patients with and without cognitive impairment in the Norwegian Hip
Fracture Register were compared.
Results: Orthopaedic surgeons reported chronic cognitive impairment in 31% of the patients.
Using documented dementia or IQCODE > 4.0 as the reference, this assessment of cognitive impairment by the
orthopaedic surgeons had a sensitivity of 69%, a specificity of 90%, a positive predictive value of 78%, and a negative
predictive value of 84% compared to information registered in the two hospital quality databases.
There were no differences in type of hip fracture or type of surgical treatment by cognitive function.
Conclusion: The treatment of hip fractures was similar in patients with chronic cognitive impairment and cognitively
well-functioning patients. The surgeons had an acceptable ability to identify and report chronic cognitive impairment in
the peri-operative period, indicating that the Norwegian Hip Fracture Register is a valuable resource for future registry-
based research also on hip fracture patients with chronic cognitive impairment.
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Background
Norway, with 5.3 million inhabitants, has one of the
highest incidences of hip fractures in the world [1]. An-
nually, about 9000 patients sustain a hip fracture in
Norway with an average age of 80 years and less than
40% of these patients were classified to be in the healthi-
est groups (ASA 1 and 2) [2]. Studies have reported that
19–37% of hip fracture patients have cognitive impair-
ment [3, 4]. Cognitive impairment is a known risk factor
for sustaining a hip fracture [5–7]. Previous studies have
reported lower quality of life after hip fracture in pa-
tients with cognitive impairment compared to cogni-
tively well-functioning patients [8–10].
With an ageing population, there will also be an in-
crease in the proportion of people with cognitive impair-
ment [11]. Still, patients with cognitive impairment and
dementia are excluded from 8 of 10 hip fracture studies
[7]. One reason may be the difficulty of evaluating the
patients’ cognitive function in the peri-operative period.
Cognitive impairment is a term used for both acute and
chronic impairment in cognitive function. Delirium is an
acute state of confusion that frequently occurs during
hospitalization for hip fracture and which makes it chal-
lenging to determine the patients` habitual cognitive
function [12]. Nordic studies have reported an overall
incidence of delirium of 21–50% in hip fracture patients
[12, 13]. Bitsch et al. reported an overall incidence of de-
lirium of 36% in hip fracture patients [14]. A diagnosis
of dementia requires a cognitive impairment of more
than 6months duration and of sufficient severity to
interfere with activities of daily living. Patients with a hip
fracture are at risk of developing dementia postopera-
tively and delirium can play an important role in this de-
velopment [15, 16]. A study on hip fracture patients
without pre-fracture cognitive impairment reported that
38% of the patients that developed delirium during
hospitalization were diagnosed with dementia 6 months
later [16]. Hip fracture patients with cognitive impair-
ment have higher risk of both surgical complications
such as surgical site infections, and non-surgical compli-
cations such as respiratory complications [11], as well as
delirium [12]. Further, patients with delirium have in-
creased risk of post-operative complications such as in-
fection, dislocation of hip prostheses and new fractures
due to falls [17]. Both patients with dementia and delir-
ium therefore need extra attention during their hospital
stay and it is important that surgeons and other health
professionals are able to identify these patients early to
optimize care and try to minimize risk for complications
[12, 18, 19].
The Norwegian Hip Fracture Register (NHFR) has reg-
istered hip fractures on a national basis since 2005 [20],
and cognitive function is reported to the registry by the
surgeon after each operation for a hip fracture. Our aim
was to investigate the surgeons’ ability to determine cog-
nitive function in the peri-operative period in patients
with acute hip fractures. We compared chronic cognitive
function reported by the surgeons to the NHFR with
data on chronic cognitive function assessed by special
trained nurses and geriatricians and registered in two
local hospital quality improvement databases as the ref-
erence standard for the same patients.
Our aim in the present study was to investigate ortho-
paedic surgeons’ ability to determine cognitive function
in patients with an acute hip fracture, and thereby also
to validate the information on cognitive function re-
ported to the NHFR.
Methods
Data from hospital quality databases
Data from two hospital quality databases for hip fracture
patients, Haraldsplass Deaconess Hospital (HDH) in
Bergen, Norway and Diakonhjemmet Hospital (DH) in
Oslo, Norway were used as the reference standard for
the patients` cognitive function. Both hospitals had
orthogeriatric units, staffed by orthopaedic surgeons and
geriatric consultants. The databases contain data such as
date of operation, comorbidity, chronic cognitive impair-
ment, medical complications and length of stay. The da-
tabases are managed by special trained nurses in
cooperation with geriatricians and information is regis-
tered during the patients’ hospital stay. The patients’
pre-fracture cognitive function was assessed by short
form of the Informant Questionnaire on Cognitive De-
cline in the Elderly (IQCODE) [21].
The IQCODE is an instrument containing 16 ques-
tions about change in everyday tasks related to cognitive
ability compared to 10 years previously [22, 23]. The
form is filled in by a close relative. Each question is
scored from 1 to 5 with values less than 3 indicating bet-
ter cognitive performance, while a score of 3 indicates
similar performance and values greater than 3 indicate
cognitive impairment. The form containing IQCODE
was usually collected postoperatively by the non-surgical
staff of the orthogeriatric ward. Gold standard evaluation
of cognitive impairment requires a detailed history and
assessment by trained health care personnel. IQCODE is
a validated assessment tool that can give an indication of
cognitive impairment prior to the hip fracture when the
patient was in her/his habitual state. However, IQCODE
on its own is not sufficient to diagnose dementia [21].
At DH, the quality database in addition to the
IQCODE contained information on dementia diagnosis
(Dementia: Yes or No) obtained from the patients` med-
ical charts. Consequently, at this hospital some patients
with information on advanced dementia in the medical
chart were not assessed using the IQCODE.
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Peri-operatively collected data on cognitive impairment
in the quality databases were considered the reference
standard. The surgeons’ ability to determine cognitive
function was validated against these data, based on their
reporting of cognitive function to the NHFR.
The Norwegian hip fracture register
The NHFR collects epidemiological data and evaluates
treatment methods of hip fractures in Norway. Data is re-
ported by the surgeons on a one-page form containing in-
formation on the patient, including cognitive status,
fracture and type of operation [20]. The form is usually
filled in by the surgeons immediately postoperatively. The
patients’ comorbidity is classified by the American Society
of Anaesthesiologists (ASA) score, normally provided to
the surgeons on request by an anaesthesiologist [20]. The
surgeons have the following alternatives when answering
the question on chronic cognitive impairment: “Yes”, “No”
or “Uncertain”. Information on cognitive function is based
on preoperative assessment of the patients or on informa-
tion from the medical chart. Assessment of cognitive func-
tion in the operating theatre is usually limited by verbal
interactions. The large majority of patients are operated for
acute hip fracture in spinal anaesthesia. If the surgeon is in
doubt of the cognitive function preoperatively, use of the
Clock Drawing Test is recommended [24]. As hip fracture
surgery often is performed as an emergency procedure, by
the surgeon on call and during evenings/weekends, the sur-
geon may have had limited time to study the patients’ med-
ical chart. Further, peri-operative presence of delirium may
complicate the assessment of cognitive function.
Patient selection and case definition
In the period 2010–2013, 1888 primary hip fracture opera-
tions were reported to the quality databases at HDH (n= 242)
and DH (n= 1646). Patients with missing data on cognitive
status were excluded from further analysis (n= 264) (Fig. 1).
After exclusion of cases not found in the NHFR (n =
117) and cases with no information on cognitive status
in the NHFR (n = 33), 1474 patients with fractures were
included in the validation analyses. This included hip
fracture patients with the information on dementia in
the medical chart and/or IQCODE-score in the hospital
quality database. Of these, 1290 patients had information
on dementia from the medical chart and 507 patients
had IQCODE registered in the quality databases (Fig. 1).
A cut-off point of 3.3–3.6 on IQCODE has been used
for detecting dementia in community settings, while 3.44–
4.0 has been used in hospital settings [23]. Accordingly,
separate analyses were conducted with three different defi-
nitions of cognitive impairment in the local databases: 1)
Presence of dementia documented in patient’s medical
chart. 2) IQCODE > 3.44 and/or dementia. 3) IQCODE >
4 and/or dementia.
Statistical analysis
Validation analyses were performed on the 1474 fracture
patients where we had information on cognitive function
in the NHFR and information on cognitive status in the
local databases, either from the IQCODE score, a de-
mentia diagnosis from medical charts, or both records.
Information in the local databases was defined as a refer-
ence standard which the surgeons’ reports were vali-
dated against. Sensitivity, specificity, positive predictive
value, and negative predictive value for the surgeons` re-
ports were calculated. The patients for whom the sur-
geon had marked “uncertain” on chronic cognitive
impairment were grouped together with patients classi-
fied with no cognitive impairment.
Pearson’s chi-square test was used for comparison of
categorical variables and analysis of variance (ANOVA)
was used for continuous variables. P-values < 0.05 were
considered statistically significant. We used the statis-
tical software packages IBM SPSS Statistics, version 23.0,
for Windows and the statistical analyses.
Results
Baseline data and operation methods
Of the 1474 hip fracture patients included from the
NHFR, 457 (31%) were classified by the surgeon as cog-
nitively impaired and 870 (59%) as cognitively
well-functioning. In 147 cases (10%), the surgeon had
been uncertain of the patients´ cognitive function. The
patients with chronic cognitive impairment were on
average 3.6 years older and had a higher ASA score than
the patients without cognitive impairment (Table 1).
Most (74%) of the patients with chronic cognitive im-
pairment were classified as ASA 3 or higher.
There were no statistically significant differences in
the surgical methods used or type of fracture between
the groups (Table 1).
The mean IQCODE score was 3.47 for hip fracture pa-
tients classified as not having cognitive impairment and
4.56 for hip fracture patients classified as cognitively im-
paired (Table 2).
Validation of data on cognitive function reported by
orthopaedic surgeons
We used three different methods to identify chronic
cognitive impairment. First, a diagnosis of dementia in
the hospital chart was used as the reference for chronic
cognitive impairment. In this analysis, the sensitivity of
the orthopaedic surgeons` evaluation of chronic cogni-
tive impairment reported to the NHFR was 80%. Sec-
ondly, when defining chronic cognitive impairment as a
diagnosis of dementia and or an IQCODE > 4, the sensi-
tivity was 69%. Lastly, when the reference for chronic
cognitive impairment was a diagnosis of dementia or an
IQCODE > 3.44, the sensitivity was 62%.
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The specificity of the data in the NHFR increased from
88% using dementia diagnosis to 90% also using IQCODE
(both > 4.0 and > 3.44). The positive predictive value in-
creased from 72% using dementia diagnosis as a validation
criterion to 78 and 79% including IQCODE > 4.0 and >
3.44. The negative predictive value decreased from 92%
using dementia diagnosis as validation criteria to 84 and
79% using IQCODE > 4.0 and > 3.44 (Tables 3 and 4).
Sensitivity and negative predictive value increased with
higher IQCODE cut-off and were highest when using
dementia diagnosis as a reference. Specificity remained
the same in all definitions. Positive predictive value de-
creased with increasing values for the cut-off on the
IQCODE and with a previous diagnosis of dementia.
Discussion
The orthopaedic surgeons reported chronic cognitive im-
pairment to the NHFR in 31% of the hip fracture patients.
Comparison of data on cognitive function from the hospital
databases with data reported by the orthopaedic surgeons
to the Norwegian Hip Fracture Register on the same pa-
tients showed high specificity and high negative predictive
value. This indicates that it is easier to recognize patients
without cognitive impairment among hip fracture patients
and that the numbers of false positive and false negative re-
sults were low. The orthopaedic surgeons had an acceptable
and clinically relevant ability to identify chronic cognitive
impairment, and they did better in identifying patients with
more severe cognitive impairment.
Dementia is a diagnosis with specific criteria in the
ICD-10 system [25]. It is a chronic disorder characterized
by an impairment of cognitive function of at least six
months’ duration. A sound dementia assessment cannot
be conducted during acute illness, such as during a
hospitalization for a hip fracture. Delirium is an acute
state of confusion which can be triggered by causes such
as a fracture or an infection in vulnerable patients. De-
mentia can be mild or more severe and may be difficult to
differentiate from delirium in an acute peri-operative set-
ting. Our analysis does not consider the different types
and different stages of cognitive impairment. Young pa-
tients in an early stage of dementia and living at home
might differ from patients living in nursing homes with
end stage dementia, with regard to rehabilitation potential
Fig. 1 Flowchart of patient selection using dementia and/or IQCODE (using only documented dementia in parentheses)
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[26]. Ranhoff et al. have reported that the rehabilitation
potential in older hip fracture patients varies and that dif-
ferent care pathways are needed in the rehabilitation
process [27]. We did not find any clinically relevant differ-
ence in surgical treatment of cognitively well-functioning
and cognitively impaired patients.
Strengths and weaknesses
The major advantage of the present study is the large
number of patients. We had data from two different
hospitals located in two different cities and compared
the data reported from the orthopaedic surgeons with
the data reported by specialized geriatric teams in the
same hospitals. As both hospitals had orthogeriatric
teams, the findings in the present study may, however,
not be representative of results that could be achieved at
other orthopaedic wards without orthogeriatric services.
Surgeons at these two hospitals might be more attuned
to discovering chronic cognitive impairment compared
to surgeons in hospitals without orthogeriatric resources.
Using data from only two hospitals increases the risk of
selection bias. However, validation is dependent on
Table 1 Baseline data according to cognitive function in the Norwegian Hip Fracture Register
Total Cognitive impairment p-value
No Uncertain Yes
Total n (%) 1.474 870 (59.0) 147 (10.0) 457 (31.0)
Women (%) 1.111 (75.4) 651 (74.8) 100 (68.0) 360 (78.8) 0.026
Mean age (SD) 84.2 (7.9) 82.8 (8.3) 85.4 (7.2) 86.4 (6.8) < 0.001#
Age group (%) < 0.001*
< 75 196 (13.3) 153 (17.6) 13 (8.8) 30 (6.6)
75–79 181 (12.3) 124 (14.3) 16 (10.9) 41 (9.0)
80–84 265 (18.0) 161 (18.5) 25 (17.0) 79 (17.3)
85–89 430 (29.2) 239 (27.5) 47 (32.0) 144 (31.5)
≥ 90 402 (27.3) 193 (22.2) 46 (31.3) 163 (35.7)
ASA class (%) < 0.001*
ASA 1 26 (1.8) 26 (3.0) 0 (0) 0 (0)
ASA 2 546 (37.0) 392 (45.1) 39 (26.5) 115 (25.2)
ASA 3 847 (57.5) 425 (48.9) 102 (69.4) 320 (70.0)
ASA 4 52 (3.5) 26 (3.0) 6 (4.1) 20 (4.4)
Missing ASA 3 (0.2) 1 (0.1) 0 (0) 2 (0.4)
Fracture type (%) 0.458
Undisplaced FNF 220 (14.9) 138 (15.9) 20 (13.6) 62 (13.6)
Displaced FNF 606 (41.1) 352 (40.5) 62 (42.2) 192 (42.0)
Trochanteric fracture 550 (37.3) 319 (36.7) 61 (41.5) 170 (37.2)
Subtrochanteric 67 (4.5) 42 (4.8) 4 (2.7) 21 (4.6)
Othera 31 (2.1) 19 (2,2) 0 (0) 12 (2.6)
Primary operation (%) 0.909
Screw osteosynthesis 230 (15.6) 142 (16.3) 23 (15.6) 65 (14.2)
Hemiarthroplasty 598 (40.6) 349 (40.1) 59 (40.1) 190 (41.6)
Sliding hip screw 630 (42.7) 367 (42.2) 65 (44.2) 198 (43.3)
Otherb 16 (1.1) 12 (1.4) 0 (0) 4 (0.9)
* = ANOVA # = Pearson’s chi square
ASA American society of anaesthesiologists
FNF Fracture of femoral neck
AO/OTA AO/Orthopaedic Trauma Association
Other afracture types including basocervikal fractures
Other boperation methods including intramedullary nail
Table 2 Baseline IQCODE
Cognitive impairment
in NHFR
Numbers Mean Min Max Std.Deviation
No 340 3.47 2.87 5.00 0.567
Uncertain 58 3.98 3.00 5.00 0.652
Yes 109 4.56 3.00 5.00 0.616
Total 507 3.76 2.87 5.00 0.738
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correct data from established databases. We decided to
use data from these two specific hospitals since both had
long experience in orthogeriatric care and had developed
good and complete quality databases prior to our study.
An alternative method to validate the orthopaedic sur-
geons` ability to determine cognitive function would
have been to perform a retrospective chart review. We
were unable to do this due to resource constraints and
we are uncertain of the extent to which the charts of hip
fracture patients would contain the information neces-
sary to evaluate cognitive function. Taking advantage of
already existing quality databases with information on
cognitive function enabled us to produce valid estimates
of cognitive impairment, and represented a method for
validating the surgeons’ ability to determine the patients’
chronic cognitive function in these hospitals.
The percentage of chronic cognitive impairment re-
ported from the two hospitals was similar to the per-
centage of chronic cognitively impaired patients at all
hospitals reporting to the NHFR in the observed
period. Further, the baseline data for these two hospi-
tals were similar to the baseline data found for all pa-
tients registered in the NHFR [28]. This indicates that
patients in the two hospitals are representative for all
Norwegian hospitals treating patients with hip
fractures.
Our results on prevalence of chronic cognitive impair-
ment are similar to epidemiological studies, showing a
high number of hip fracture patients having cognitive
impairment and dementia [4].
To our knowledge, no previous studies on orthopaedic
surgeons’ ability to determine cognitive function in hip
fracture patients have been performed. Clinicians often
have a higher correlation of agreement for negative than
positive diagnoses. de Vet advocates using measurement
of agreement rather than Cohen’s kappa, and that there
will always be more agreement in the largest group of
any analysis, which in our study was the patients without
cognitive impairment [29].
We analysed the data with different cut-off points of
IQCODE, to show the variation in the results using dif-
ferent methods. Finally, we chose the results using both
dementia and IQCODE > 4.0. This reflects the hetero-
geneity in the material and IQCODE > 4.0 is normally
used in inpatient settings such as hospitals, where our
patients were located.
Table 4 Validation of cognitive impairment reported by the surgeons using dementia and/or IQCODE
Validation criteria
Dementiaa Dementia and/or IQCODE > 3.44b Dementia and/or IQCODE > 4.0b
Sensitivity (CI) 79.5% 62.4% 69.2%
Specificity (CI) 88.2% 89.5% 89.6%
Positive predictive value (CI) 71.5% 79.4% 78.1%
Negative predictive value (CI) 92.0% 78.5% 84.4%
aDementia registered in patients` medical journal
bDementia registered in patients` medical journal and/or IQCODE> 3.44 vs. > 4.0 registered in the local hospital database
Table 3 Validation comparison of surgeons’ reporting of cognitive impairment and information on cognitive function in local
databases
Local Databases Norwegian Hip Fracture Register
Cognitive impairment Uncertain No cognitive impairment
Dementia
Cognitive impairment (%) 279 (71.5) 23 (17.7) 49 (6.4)
No cognitive impairment (%) 111 (28.5) 107 (82.3) 721 (93.6)
Total (%) 390 (100) 130 (100) 770 (100)
Dementia and/or IQCODE > 3.44
Cognitive impairment (%) 363 (79.4) 60 (40.8) 159 (18.3)
No cognitive impairment (%) 94 (20.6) 87 (59.2) 711 (81.7)
Total (%) 457 (100) 147 (100) 870 (100)
Dementia and/or IQCODE > 4.0
Cognitive impairment (%) 357 (78.1) 52 (35.4) 107 (12.3)
No cognitive impairment (%) 100 (21.9) 95 (64.6) 763 (87.7)
Total (%) 457 (100) 147 (100) 870 (100)
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Comparing the data on chronic cognitive impairment
from the two quality databases with the information in
the NHFR using three different methods (diagnosis of
dementia, diagnosis of dementia and/or IQCODE > 3.44,
and diagnosis of dementia and/or IQCODE > 4.0) led to
somewhat different results. This demonstrates the need
to know the prevalence in the population when consid-
ering positive and negative predictive value. In our
population of hip fracture patients, the prevalence of
chronic cognitive impairment is high and therefore gives
higher positive and negative predictive values than in
other populations [30].
Our results showed that surgeons identified cognitively
well-functioning patients with a high negative predictive
value. On the other hand, one out of five patients re-
ported as chronic cognitively impaired to the NHFR by
surgeons had no cognitive impairment according to the
diagnosis in the database, and the positive predictive
value of chronic cognitive impairment using dementia
diagnosis and/or IQCODE > 4 as reference was 78.1%.
This reflects the uncertainty in classifying patients’
chronic cognitive function in an acute setting following
a hip fracture. Presence of delirium probably increases
this uncertainty.
Alternative methods to detect cognitive impairment
and delirium in hip fracture patients could be the Ab-
breviated Mental Test (AMT) and the 4 ‘A’s Test (4AT)
[31–33]. AMT and 4AT can be performed by nurses
after brief training [34] . These tests are recommended
in the recently published Norwegian interdisciplinary
guidelines on hip fracture care [35].
Conclusion
By comparing data on chronic cognitive function re-
ported by orthopaedic surgeons in the NHFR with data
from hospital quality databases on the same patients, we
found the orthopaedic surgeons’ ability to determine
chronic cognitive function in hip fracture patients to be
satisfactory.
Cognitively well-functioning patients were easier to
identify than patients with chronic cognitive impairment.
The surgical treatment of hip fractures was similar in pa-
tients with chronic cognitive impairment and cognitively
well-functioning patients. The surgeons had an acceptable
ability to identify and report chronic cognitive impairment
in the peri-operative period, indicating that the NHFR is a
valuable resource for future registry-based research on hip
fracture patients, including those with chronic cognitive
impairment.
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